The three primate species of Santa Rosa National Park, Costa Rica (Ateles geoffroyi, Alouatta palliata, Cebus capucinus) have diets in which fruits are major components. All three primate species defecated seeds of many fruiting species; the majority of which (60%) germinated under experimental conditions. The sampling of seed traps placed throughout the forest indicated that, on average, 392 large seeds that passed through the stomachs of monkeys fell weekly per hectare of forest floor. However, the dispersal performed by the primates may not be the final stage of dispersal for many of these seeds. By constructing artificial dung piles containing seeds it was shown that 51.8 percent of the seeds were either removed by secondary dispersers, or killed by seed predators within 5 days of being placed in the forest. The rate of seed removal varied depending on the seed species.
. However, in tropical forests, primates constitute between 25 percent and 40 percent of the frugivore biomass (Eisenberg & Thorington 1973 , Eisenberg et al. 1979 , Terborgh 1983 , and they defecate large numbers of viable seeds (Hladik & Hladik 1969 , Cant 1979 , Estrada & Coates-Estrada 1984 , 1986 .
Most studies of seed dispersal report observations on which animals removed fruit from a particular fruiting tree, the removal rate, and in some instances, whether or not the injested seeds are viable when voided. Such studies only examine the very initial stage of seed dispersal and do not examine the quality of the location where the seeds are deposited. Not addressing this issue may produce misleading results (Janzen 1983 ). In addition, by not documenting the initial fate of seeds deposited on the forest floor, it is not possible to assess the relative importance of primary dispersers versus animals that subsequently move or kill the seeds (Estrada & Coates-Estrada 1986 , Janzen 1986a .
The objective of this investigation is to describe seed dispersal associated with the three species of primates in Santa Rosa National Park, Costa Rica, and document the initial fate of the dispersed seeds under various natural and experimental conditions.
METHODS
STUDY SITE.-The study was conducted over a 3-year period for a total of 26 months (January to August 1984 , January 1985 to July 1986 in Santa Rosa National Park, Costa Rica. The park is situated in the northwest corner of Costa Rica, in Guanacaste Province. The vegetation in the park is a mosaic of abandoned pastures (Hyparrhenia rufa), successional dry deciduous forest (containing Spondias mombin, Luehea candida, L. speciosa, Guazuma ulmifolia, Bursera simaruba, Ficus spp., and Chlorophora tinctoria), and semi-evergreen forest found mainly in the moist ravines, which contains Hymenaea courbaril, Mastichodendron capiri, and Manilkara chicle (Janzen 1986b) . The home ranges of each of the three primates contained sections of both dry deciduous and semi-evergreen forests. The climate of the region is characterized by a dry season from mid December to late May; a wet season encompasses the remainder of the year. Rainfall in the park ranges between 900 mm and 2400 mm annually, almost all of which falls in the wet season.
BEHAVIOURAL OBSERVATIONS.-From each of the primates studied a group using a common section of forest was selected for study and was observed to obtain information on foraging and ranging behaviour. Behavioural data were recorded using a focal animal sampling regime which employed a 10-minute session. If the subject was lost prior to the end of the session, the session was terminated and the data discarded. In those situations where observation conditions were ideal, the rate at which food items were removed from the tree and their subsequent fate (i.e., injested, dropped, etc.) were recorded. Over the duration of the study, 394 hours of focal animal data were collected on howling monkeys, 335 hours on spider monkeys, and 171 hours on cebus monkeys. Between January and July 1986, focal animal observations were recorded only for spider monkeys.
FECAL SAMPLES.-Fecal samples were collected in one of two fashions; directly, as when an animal was seen to defecate by the observer, and from traps set out in the forest. The traps consisted of 80 cm by 98 cm tables I Received 23 January 1987 , revision accepted 13 October 1987 covered with plastic and raised off of the forest floor by 16 cm. In 1984, 120 traps were sampled, while in 1985, 105 traps remained to be sampled. Traps were placed approximately 10 m apart adjacent to small trails or along lines out from the trails. Dung was collected early every morning from traps during the last week of every month. Although dung beetles and mice did move dung around on the traps (12% of the samples), rarely was there any indication that large seeds had been removed prior to the time the traps were sampled. The seeds in the dung were separated from the fecal matter, identified, counted, and measured. For very small seeds, such as those of Ficus spp. and Muntingia calabura, the number of seeds in the fecal sample was estimated.
To determine if the seeds defecated by the monkeys would germinate, experiments were conducted in three ways. First, seeds collected from feces were planted in dirt just under the soil and were watered at regular intervals. Secondly, seeds were placed between layers of wet paper towel and kept moist. Lastly, after the seeds were identified, they were placed back in fecal material and stored in plastic bags. Germination experiments were not continued between field seasons.
EXPERIMENTS.-Experiments were conducted to examine the initial fate of seeds that had been defecated by monkeys. The general experimental protocol involved constructing dung piles using seeds that had passed through the monkey. A dung pile was made by taking seeds and mixing them with seed-free monkey dung and placing the mixture on the forest floor in a 0.5 m2 area cleared of leaf litter. Dung piles were placed in a line, no closer than 4 m apart. Dung containing small seeds, such as those of Muntingia calabura, Ficus spp., or Visima baccifera, were not used as sources of dung; 793 seeds of various species were set out in the forest in this fashion. Alterations of this general experimental protocol were used to examine the effect of different factors on the rate of seed removal from dung, on subsequent germination rates, and on the probability of seedling establishment.
To address the question of whether the number of seeds in a dung pile influenced the probability of seeds being removed by predators or secondary dispersers, 30 dung piles containing from 1 to 20 seeds were constructed in an area of semi-evergreen forest. Five plant species were used in this experiment; Spondias mombin, Simaruba glauca, Mastichodendron capiri, Swartzia cubensis, and Ocotea veraguensis. The upper limit of 20 seeds was set because this was the maximum number of medium sized seeds found in a single dropping.
To examine whether or not the smell of monkey dung acted as an attractant to animals that removed seeds from dung, 22 controls were established in which seeds were placed in cleared areas without dung. These were compared to 22 stations with seeds and dung. The same species of seeds were used in the controls and the experimental stations. The seeds used in the controls were washed thoroughly to assure that no fecal material remained on the seeds which could provide olfactory stimulus to the animals removing the seeds.
Finally, the effect of forest type on the rate of seed removal from primate dung was determined. Eight dung piles containing seeds of Spondias mombin, 12 dung piles containing seeds of Ocotea verguensis, 20 dung piles containing seeds of Mastichodendron capiri, and 20 dung piles containing seeds of Simaruba glauca, 5 seeds to a dung pile, were placed in three semi-evergreen forest sites and three dry deciduous forest sites.
All of these experimental dung piles were constructed between 15 April and 26 May 1985. Experimental dung piles were examined approximately once a week until 7 August 1985, after which time they were monitored during the first week of every month until the end of the study on 4 August 1986 (the seeds used in the comparisons between forest types were not monitored after 7 August 1985). Examination of a dung pile involved counting all seeds present and determining their species. The presence of seed fragments or husks were noted, and germinating seeds were counted.
The preliminary results of these experiments stimulated the development of an additional experiment in 1986. Five seeds of a species which was rapidly removed from primate dung (Mastichodendron capiri) and five seeds of a species for which removal was much slower (Simaruba glauca) were set out in 0.5 m2 cleared area. On 28 May 1986, 20 of these stations were set out in a line in a semievergreen forest area and 20 were similarly established in a dry deciduous forest area. Seed species was alternated between stations. These stations were monitored approximately once a week between 28 May and 4 August 1986.
RESULTS
For all three primate species, fruit constituted a major part of their diets. Combining all years, spider monkeys spent 77.9 percent of their feeding time eating the fruit of 36 plant species and cebus monkeys spent 81.2 percent of their feeding time eating fruit of 41 plant species. Howlers were the least frugivorous, spending 28.5 percent of their feeding time eating the fruit of 19 different species. Even though all three species of monkeys ate food items from many different species of plants, only a few constituted the bulk of each species' foraging efforts. For example, the cebus monkeys spent over 50 percent of their feeding time eating fruits from only two plant species (Sloanea terniflora, Muntingia calabura). Similarly the spider and howling monkeys spent 50 percent of their feeding time eating food items from three plant species (Ficus spp., Muntingia calabura, and Mastichodendron capiri) and five plant species (Ficus spp., Brosimum alicastrum, Manilkara chicle, Pithecellobium saman, and Lonchocarpus costaricensus) plant species, respectively. Of the fruits consumed, 53 percent had seeds that were found intact in primate dung (averaged from all collections and all monkeys; Table  1 ). This value is probably an underestimate of the species of seeds defecated, because many of the fruiting species are only eaten rarely, thus the probability of finding these seeds in dung was low. There was considerable variation between years in both the types of fruits eaten and in the proportion of the diet which fruit constituted. For all three primate species, fruit constituted a greater proportion of the diets in 1984 than 1985 (differences between years: cebus 48.5%, spiders 9.4%, howlers 6.4%). The variation between years in the amount of time spent feeding on particular plant species was, in some instances, very extreme, even when the availability of the fruit did not change. For instance, in 1984 the cebus monkey group spent 8.6 percent of their total feeding time, and as much as 31.7 percent of their feeding time in one month, eating acorns (Quercus oleoides). In contrast, they were never observed eating acorns in 1985 or 1986, although they were available in both years. Another example concerns the use of Dipterodendron costaricensis fruit by all of the monkeys. The proportion of time spent eating this fruit per month changed by 270 percent for cebus monkeys, 76 percent for spider monkeys, and 100 percent for the howlers.
SEEDS DEFECATED BY MONKEYS.-The seeds from 15 5 dung samples were inventoried. Of these, 35 samples were collected from the seed traps, and it was not possible to determine which primate species produced the dung. During observations, 5 3 samples were collected from howling, 39 spider, and 28 from cebus monkeys. All feces collected from cebus and spider monkeys contained some seeds. For howlers 15.1 percent of the samples contained only leaf material and no seeds. Seventeen known species of seeds were collected from spider monkey dung, 14 from the dung of cebus monkeys, and 12 from howling monkey dung. Seeds from 10 plant species where jointly found in the dung samples of two of the monkeys and seeds of six plant species occurred in dung collected from all three of the primates. The sizes of the seeds ranged from < 1 mm (Muntingia calabura) to 25 mm in length (Sterculia apetala).
For all three primate species there was a negative relationship between the size of the seed and the frequency of occurrence of that seed species in droppings (spider r = -0.404, P = 0.031; howlers r = -0.439, P = 0.020; cebus r = -0.492, P = 0.010). Also, the frequency of occurrence of seeds in the dung was related to the length of time a plant species fruited (spiders r = 0.867, P < 0.001; howlers r = 0.497, P = 0.009; cebus r = 0.686, P < 0.00 1). There was no relationship between the density of adult plants and the frequency of occurrence of their seeds in primate dung (spider r = -0.227, P = 0.190; howlers r = 0.028, P = 0.458; cebus r = -0.322, P = 0.104).
The seed traps were sampled on 84 days, and there were 35 occurrences of feces on the traps. Since the trap area and the number of droppings that fell on the traps were known, it was possible to calculate that 19.8 droppings fell to the ground per hectare of forest over the 84-day period. Thus, 322 large seeds (excluding small seeds such as Ficus spp. and Muntingia calabura) passed through the stomachs of primates and fell on a hectare of forest floor per week, and a per-species basis, the number of large seeds being dispersed ranged from 32 seeds/ha/ fruiting week for Casearia arguta, to 0.5 seed/ha/fruiting week for both Spondias spp. and Bursera simaruba (Table  1 ). In 1984, 22 .6 droppings fell per hectare, while 1985, 17.0 droppings fell per hectare. The spatial distribution of the traps on which monkey dung fell was very clumped. The distribution was quantitatively represented using the "Coefficient of Dispersion" (CD, see Sokal & Rohlf 1981 for its derivation). In 1984 the CD of traps receiving dung was 6.06, whereas in 1985 it was 2.59. There was great variability between plant species in the spatial distribution of the seeds falling in monkey dung (Table 1) . I believe that the dung-fall pattern was probably more clumped than is represented by these values, since traps were not placed under any of the trees regularly used as sleeping sites. Under sleeping trees it was common to find large numbers of droppings in a very small area (2 m2).
GERMINATION EXPERIMENTS.-Seeds from 26 species of plants collected from monkey dung were used in the germination experiments. Of these, 60 percent germinated in at least one of the three methods (Table 1 ). The three different methods used to germinate seeds differed significantly in their germination rates (x2 = 6.44, df = 2, P < 0.05). This suggests that these germination experiments only allow one to state if germination is possible after passage through the stomach of a primate. Many dry forest trees have seeds that are capable of prolonged dormancy (Garwood 1983) . Since the germination experiments were not continued between field seasons, seeds which were capable of long dormancy would have been considered incapable of germination, when in fact, they may have been viable.
DUNG PILE EXPERIMENTS.-Seeds in the experimental dung piles were rapidly removed or killed. Within 5 days of placing seeds in the forest, 51.8 percent of the seeds had either been removed or killed; 21 days after planting, 77.2 percent of the seeds had been removed or killed; and the end of the study, 97.9 percent of the seeds had been removed or killed (Fig. 1 ). There was a large amount of variation in removal rates depending on the species of seed at the station (Table 2) . After 21 days, the removal rate varied from 100 percent (for 47% of the species examined) to 10 percent for Eugenia sp.. Spiny pocket mice (Liomys salvini) were probably responsible for the removal of the majority of the seeds (Janzen 1982 ). This conclusion was based on the fact that seed fragments left at the sites often had teeth marks which were characteristic of mice. Peccaries (Tayassu taiacu), agoutis (Dasyprocta punctata), and dung beetles were also seen at experimental stations. Three different experimental treatments were used to examine factors effecting the rate of seed removal and/or the probability of germination and seedling establishment. These were the effect of the number of seeds in a dung pile, the presence or absence of fecal material, and the effect of forest type.
To examine whether or not the number of seeds placed in a dung pile influenced the proportion of the seeds removed or killed, dung piles containing between one and twenty seeds were constructed. For five species, I had sufficient seeds which had passed through monkeys to set up six stations. Twenty days after the seeds had been placed out on the forest floor, for all species except Spondias mombin, there was no evidence of a positive relationship between the number of seeds in the dung pile and the percentage of seeds removed or killed (Spearman Rank Correlations, Spondias mombin rs = 0.533, P = 0.049; Simaruba glauca rs = -0.229, P = 0.355; Swartzia cubensis rs = -0.395 P = 0.255; Ocotea verguensis rs = 0.470, P = 0.091; Mastichodendron capiri rs = -0.274, P = 0.750). This analysis was performed for Spondias mombin at 5, 10, 20, 60, and 90 days post-planting. By 90 days the relationship was not significant (P = 0.217), and at this time none of the remaining seeds had germinated.
To examine if odorous fecal material acted as an attractant to secondary dispersers or seed predators, 22 stations were established with the seeds mixed in dung, and 22 stations were set up with only seeds. A variety of species were used for comparisons, however equal numbers of each species were used with and without dung. After five days, the number of seeds removed or killed from stations without dung was 21 percent less than that from stations with dung. By three weeks, the difference had decreased to 8.0 percent. By the end of the study (approximately 17 months post-planting), the difference in the number of seeds removed from stations with and without dung was 0.06 percent.
Over a short period of time (<20 days) the rate of seed removal was higher by 22 percent at the semi-evergreen forest sites than at the dry deciduous forest locations. However, 40 days after planting there was little difference in the rate of removal between forest types.
In all of the experiments mentioned, 793 seeds from species which had been shown capable of germination after passage through the monkeys were placed out in the forest. Of these, only 11 seeds remained at the locations in which they were placed and germinated (4 Simaruba glauca, 4 Mastichodendron capiri, 2 Eugenia sp., 1 Swartzia cubensis). Only one of these 11 seeds became established and grew to a height of greater than 5 cm. No seeds were surviving when the study ended.
Initial results suggested that some seeds were being killed or removed rapidly from the experimental dung piles, whereas others were remaining in the same location for long periods. To further examine differential seed treatment by secondary dispersers and seed predators, two species were chosen to be used in further experimentation: Mastichodendron capiri (initial results suggested fast removal) and Simaruba glauca (initial results suggested slow removal). At every time period the proportion of M. capiri seeds that had been eaten or removed was higher than the proportion of S. glauca seeds eaten or removed (Fig. 2) . In fact, at the end of the study, 70 days after planting, the M. capiri seeds had a 5.5 times greater probability of being removed or killed than the S. glauca seeds.
DISCUSSION
Primates constitute a major component of the frugivore biomass (Terborgh 1983) , and they consume a large number of seeds with the fruits they eat, seeds that after defecation often remain viable. However, the experiments conducted here indicate that the majority of the seeds dispersed by the primates and deposited on the forest floor in their dung, are either killed by seed predators or moved by secondary dispersers.
The experiments conducted with Simaruba glauca and Mastichodendron capiri suggest that different plant species may adopt different strategies to cope with the pressures exerted by seed predators and/or secondary dispersers. Simaruba glauca produces a fruit that is readily eaten by primates, and once the seeds are defecated, they will likely remain in the location at which they fell. By contrast, M. capiri similarly produces a fruit that is readily eaten by primates, however once their seeds are defecated and fall to the forest floor they are likely to be moved by secondary dispersers or killed by seed predators. If the seeds from M. capiri are killed by seed predators when removed from monkey dung, the quality of the dispersal of S. glauca seeds by primates is likely to be relatively higher than that for M. capiri seeds. However, if the M. capiri seeds removed from the monkey's dung are secondarily dispersed, the quality of their dispersal is likely to be similar to that for S. glauca. These observations suggest that future investigations in the area of primate seed dispersal would benefit from the evaluation of the seed predators and secondary dispersers that are removing and killing the seed found in monkey dung.
